. He underwent thorax and abdominal Xray (which proved normal) and abdomen ultrasound (US) scan which showed abundant ascites, liver with an non-homogeneous echogenicity pattern, increased portal vein diameter (1.64 cm) with few flow signs, and increased spleen volume (longitudinal diameter 15.7 cm). This profile was compatible with portal vein thrombosis. For this, evacuative paracentesis was practised and 6 L of yellow citrine ascites were removed. Physical-chemical, microbiological and histological examination proved negative for exudates or neoplasms (Table 2) . Broad-spectrum antibiotic therapy was started with cephalosporins plus fluoroquinolones, as well as anticoagulant therapy with low molecular weight heparin (LMWH) and warfarin. LMWH was administered till the international normalized ratio (INR) reached therapeutic values (range 2.5-3). During the following days, despite therapy and albumin administration, due to the abovementioned hypoalbuminemia, rapid ascite formation recurred for which the patient underwent multiple evacuative paracentesis (always finding yellow citrine ascites). Moreover, due to persistence of diarrhea, macroscopic, physical-chemical, microbiological and parasitological examinations of the stool were performed. All proved negative so diarrhea was treated with symptomatic drugs (i.e. loperamide) with benefit. [ Portal vein thrombosis and Budd-Chiari syndrome Over the same days, glycated hemoglobin (HbA2) quantification and coagulation screening (both within normal limits), as well as d-dimer (significantly positive) and tumor marker evaluation (a-fetoprotein, CA 19.9, CA 15.3, and CEA, all negative) were performed, and all routine tests were repeated. There was a marked deterioration in liver and renal function, and microcytic hypochromic polycythemia and neutrophilic leukocytosis were confirmed. An abdominal computerized tomography (CT) scan with intravenous contrast was performed. This showed the presence of abundant ascites, an increase in liver volume characterized by non-homogeneous density, portal and splenic vein non-visualization, such as thrombosis, and splenomegaly, in absence of ischemic areas.
Some days later, the patient underwent another abdominal US scan which confirmed the abovementioned findings with, however, in addition the appearance of hepatic veins thrombosis (Budd-Chiari syndrome) and suggesting a hepatic profile compatible with liver stasis. This was confirmed by a further thorax and abdomen CT with intravenous contrast, which also showed the presence of small pleural effusion and splenic and portal vein partial recanalization. At the same time, we observed the contemporary and impressive improvement in liver function and cholestasis serological parameters, while red blood cell and white blood cell count abnormalities remained unchanged.
Meanwhile, according to a differential diagnosis of portal vein thrombosis, we evaluated blood markers of major and minor hepatotropic viruses, human immunodeficiency virus (HIV) types 1 and 2, and thrombophilic disorders (lupus anticoagulant, anti-cardiolipin antibodies, antinuclear antibodies HEp 2, native DNA antibodies, plasma anticoagulant protein C, protein S, and homocysteine). All were within normal range. Given his Egyptian origin, schistosomiasis was excluded by detection of serum anti-schistosome antibodies.
Due to the persistence of hypochromic microcytic polycythemia and portal vein thrombosis (verified by control abdominal US scan), we consulted a hematology specialist. After excluding presence of atypical lymphocyte subpopulations, the hematology specialist performed a bone marrow biopsy with evidence of an increase in erythroid and myeloid blast population. Therefore, according to international guidelines (Table 3) , the patient underwent erythropoietin and mutation JAK2 V617F assays; both tested positive. We made a conclusive diagnosis of splenic, portal and hepatic vein thrombosis caused by PV hyperaggregability. We started combined therapy with oral acetylsalicylic acid (100 mg/day) and oral hydroxyurea (15 mg bid). After the first three weeks of therapy, there was a marked reduction in red blood cells count, hemoglobin and hematocrit, up to a complete normalization at four weeks (Table 1) . Furthermore, a consistent reduction in ascites was observed. Control thorax and abdominal CT with intravenous contrast was performed showing partial resolution of venous thrombosis (almost complete for the portal vein, to almost nothing for hepatic outflow veins). The patient continues periodic clinical, laboratory and imaging follow up at the hematology clinic of our Institution.
Case Report #2
A 39-year old Sicilian woman was admitted to our Department due to sudden onset of abdominal distension and dyspnea. Family and personal anamneses were uneventful as was her past medical history with the exception of hypertension (father) and diabetes (grandmother). On physical examination, the abdomen appeared tense, globular, non-tender at superficial and deep palpation, with probable ascites that exceeded the transverse umbilical line of approximately 3 cm. Examination of other organs and systems did not show anything relevant, excluding sinus tachycardia confirmed by electrocardiography. Routine blood tests showed pathological increase in transaminases, cholestasis and inflammation indexes. Moreover, the patient presented a clear microcytic normochromic polycythemia profile (Table 4) . According to the abovementioned clinical and laboratory [page 198] [Italian Journal of Medicine 2013; 7:e32] Case Report (Table 2) . Abdominal CT ( Figure 1 ) and magnetic resonance imaging ( Figure 2 ) with intravenous contrast were, therefore, performed and these showed significant increase in liver volume with parenchymal non-homogeneous density, such as liver cirrhosis, Portal vein thrombosis and Budd-Chiari syndrome circulation, presence of probable regenerative nodules in S6 and S7, and a large amount of ascites. Furthermore, the patient underwent esophagogastroduodenoscopy that resulted normal except for a mild hyperemia of the gastric fundus, and echocardiography that was also normal. Due to persistent polycythemia, persistence of massive ascites and evidence from imaging data, the patient underwent evaluation of blood markers of hepatotropic viruses, HIV types 1 and 2, and thrombophilic disorders (lupus anticoagulant, anti-cardiolipin antibodies, antinuclear antibodies HEp 2, native DNA antibodies, plasma anticoagulant protein C, protein S, and homocysteine) and of thyroid hormones. These were all within normal limits. We therefore started combined therapy with LMWH and oral anticoagulants until the target INR range (INR 2.5-3.5) was achieved.
Given the strong suspicion of polycythemia vera, genotyping for JAK2 V617F was tested and proved positive. In accordance with all the collected data, the patient was diagnosed with Budd-Chiari syndrome due to PV, and combined therapy with oral acetylsalicylic acid (100 mg/day) and oral hydroxyurea (15 mg bid) was started. The patient was discharged with a remarkable improvement in her clinical and laboratory condition (Table 4) .
A subsequent abdominal CT control showed no change from the previous radiological profile, and the patient underwent transjugular intrahepatic portosystemic shunt (TIPS).
Currently the patient undergoes regular clinical and laboratory follow up in our Department, without further episodes of hepatic decompensation.
Discussion
Budd-Chiari syndrome can be defined as a heterogeneous group of disorders due to the obstruction, at any level (hepatic venules, large hepatic veins, inferior vena cava, right atrium), of the veins that guarantee liver blood outflow. 6 It is an extremely rare disease the incidence of which is not well reported in literature, even if, recently, Rajani et al. have reported an incidence of approximately 1 case per 1 million inhabitants. It usually affects people between the fourth and fifth decade of life, and no difference according to gender has been reported. Mortality is highly variable, depending on the onset; almost 90% in fulminant forms, remaining, in the chronic forms, 55% at ten years from diagnosis. 7 Pathogenesis may be attributable to a reduction in outflow from the liver leading to hepatic sinusoids and portal vein increased pressure, with a progressive stasis tendency and consequent hypoxic damage, as well as portal vein thrombosis. 6, 8 A further possible mechanism, related to blood stasis and hypoxic injury, which can promote hepatocellular damage, could be production of free radicals and the resulting oxidative damage. 6, 9 The disease culminates in centrilobular necrosis and, by well-known mechanisms of hepatic fibrosis and nodular regeneration, onset of terminal cirrhosis. 6 Budd-Chiari syndrome etiology is not unique. It seems, in fact, that many factors, both acquired and genetic, may contribute to it. In particular, all hypercoagulable conditions play a major role, and can be identified in over 75% of all Budd-Chiari syndrome cases. 10, 11 Among these are myeloproliferative diseases. PV can be identified in 10-40% of all cases, while ET in a slightly lower rate. 6, [12] [13] [14] Even more evidence of the close relationship between Budd-Chiari syndrome and myeloproliferative diseases, an expansion of the endogenous erythroid-colony formation units in bone marrow, as to underlie a misunderstood myeloproliferative disease, can be observed in over 85% of patients in whom the etiology remains unknown (idiopathic). 6, 12, 13 All other possible causes of Budd-Chiari syndrome and portal vein thrombosis, are listed in Table 5 .
Clinical onset of Budd-Chiari syndrome is extremely variable and largely depends on the hepatic outflow vein occlusion speed. In fact, slow and progressive thrombosis ensures porto-systemic shunts genesis, with consequent minor stasis and hepatocellular damage. Vice versa it will result in a rapid occlusion, and massive or sub-massive liver damage might appear as fulminant and unexpected hepatic failure. 11, [15] [16] [17] Therefore, at least four forms of Budd-Chiari syndrome can be identified: fulminant, acute, subacute, and chronic. Patients with fulminant Budd-Chiari syndrome usually present with jaundice associated with an increase in liver function enzymes, nausea, vomiting, abdominal pain, and, within eight weeks of the onset, hepatic encephalopathy. In the acute form, there is a tendency to rapid and progressive liver parenchyma necrosis, with increase in transaminase, though smaller than that of the fulminant forms, in association with jaundice, pruritus, abdominal pain, and intractable ascites appearance. The subacute forms are certainly the most frequent, and their onset is insidious because ascite and laboratory abnormalities typical of hepatocellular damage are reduced, due to extensive collateral porto-systemic shunt formation. Finally, chronic Budd-Chiari syndrome is evident in patients with previous history of liver cirrhosis, as possible complication. Hepatomegaly is present in all four forms, while splenomegaly and esophageal varices are typical of subacute and chronic disease. There is no agreement about the parameters needed to distinguish acute from chronic forms. As a general condition, a portal vein thrombosis whose symptoms developed no more than 60 days before hospitalization could be considered as acute. 19, 20 Acute thrombosis might be totally asymptomatic or characterized by unspecific bowel symptoms or signs (dyspepsia, abdominal colicky pain, nausea and vomiting, and mild abdominal distension) in most cases. However, severity of symptoms and signs strictly depends on type (complete or partial obstruction) and extension (portal, portal and splenic, portal splenic and mesenteric, etc.) of thrombosis. As a matter of fact, acute complete thrombosis extended to mesenteric vein could cause intestinal ischemia, bowel infarction and ileus. [19] [20] [21] Amitrano et al. reported major bleeding from esophageal varices as possible acute PVT onset even if they point out this could be due more to underlying, still undiscovered cirrhosis rather than to acute onset of portal vein thrombosis. 18 In acute PVT, an inflammatory systemic response is usually evidenced by acute inflammatory protein increase (e.g. fibrinogens, C-reactive protein, erythrocyte sedimentation rate). Liver function enzymes are within the normal range except for when an underlying liver disease may be evidenced; this could be due to an increase in arterial hepatic inflow to compensate for venous inflow reduction. 21 Infective portal vein thrombosis is characterized by fever with chills, abdominal and liver pain, sudden onset of ascites, neutrophil leukocytosis, increase in inflammation markers and, sometimes, septic shock. In this framework, liver septic abscesses are common and blood cultures are usually positive for Bacteroides spp. 21 Chronic portal vein thrombosis, also known as portal cavernoma, is characterized by symptoms and signs connected with the collateral circles, which arise from the attempt to replace the portal circulation, creating links upstream and downstream of the stenosis, bypassing, generally, the hepatic filter. Location, size [ Portal vein thrombosis and Budd-Chiari syndrome and features of collateral circles vary: duodenal, antral, pancreatic and biliary veins could be involved. To date, chronic portal vein thrombosis diagnosis has been mainly casual, due to ultrasonography studies often connected to other diseases or symptoms; so asymptomatic onset of this disease is rare. Sometimes jaundice, pruritus, fever, biliary pain, nausea and vomiting as well as cholangitis, cholecystitis and pancreatitis may signal onset of PVT. This condition is called portal cholangiopathy and its pathophysiological origin lies in the compression of the common bile duct by the collateral veins.
Variceal bleeding is not an unknown condition, whereas ascites and hepatic encephalopathy are rare. 21, 22 The first imaging approach to both Budd-Chiari syndrome and portal vein thrombosis is ultrasonography. In PVT, overdistension of portal vein could be found associated with the presence of hyperechoic materials inside of and disappearance of normal hepatic inflow. However, early thrombosis may appear as hypoechoic, causing a difficult detection, so a color Doppler imaging should be always performed as well to evaluate disappearance of normal hepatic flow. 23, 24 Ultrasonography in Budd-Chiari syndrome shows enlarged liver with caudate lobe hypertrophy. Hepatic veins could be partially or completely undetected. Otherwise, intraluminal hyperechoic material or dilatation of proximal tract may be observed. Inferior vena cava could be compressed by caudate lobe or show thrombus inside of it; rarely an aneurysmal dilatation can be detected. Excluding paraumbilical vein, also reported in portal vein thrombosis, appearance of intrahepatic collaterals is a specific sign of Budd-Chiari syndrome.
Color Doppler imaging can show no or abnormal direction flow in hepatic veins, whereas high-speed flow can be detected at the site of stenosis. Ascites may be detected easier in acute than in subacute or chronic Budd-Chiari syndrome. Both Budd-Chiari and portal vein thrombosis, in acute or chronic stage, have US measurable splenomegaly. 24, 25 CT scans in portal vein thrombosis evidence well-defined intraluminal filling defect with central low attenuation, collateral circulation, engorgement of mesenteric veins, and mesenteric edema. Ultrasonography and CT are both specific and sensitive imaging techniques: the first is less invasive and provides a faster diagnosis and allows closer follow up; the second is more accurate and better identifies extension of thrombosis, especially towards problematic ultrasonography areas (mesenteric veins). 18, 21, 24 The CT profile of acute Budd-Chiari syndrome is characterized by complete occlusion of hepatic veins (hypoattenuating) with severe ascites, with low peripheral and major central hepatic contrast enhancement. Splenomegaly is almost always evidenced, as are ascites. Subacute and chronic CT Budd-Chiari profiles are usually less clear. A nuanced hypoperfusion can be found in several hepatic parenchimal areas, together with collateral circulation and increase in diameter of the hepatic artery. The typical cirrhosis finding of regenerative nodules, with a diameter of 0.5-4 cm, is usually evidenced by both contrasted and non-contrasted scans. 24 In our Case #1, early onset of portal vein thrombosis which appears to have preceded the occlusion of the hepatic veins, as well as what in our experience has shown to be higher frequency of other hepatocellular causes of injury delayed the diagnosis, requiring the patient to undergo a number of evacuative paracenteses and other invasive investigations, such as CT. We should also mention that only 4-7% of patients affected with polycythemia vera are under 40 years of age, and, of these, only 2-10% will develop a BuddChiari syndrome. 26 Moreover, polycythemia vera is a far from common disease, occurring without differences of gender or race, especially in individuals older than 60 years. Annual incidence is highly variable, depending on the studies, ranging from 0.2¥10 6 inhabitants/year in Japan to 28¥10
6 inhabitants/year in Sweden. [27] [28] [29] It is already known that myeloproliferative diseases are closely related to JAK2 V617F mutation, which can be identified in over 95% of polycythemia vera cases and over 60% of essential thrombocythemia and idiopathic myelofibrosis cases. 30, 31 In addition, several recent studies pointed out that the presence of this mutation could be found in almost 35% of all splanchnic vein thrombosis forms, and in 41-59% of patients with Budd-Chiari syndrome. 32, 33 Association between JAK2 mutation and the onset of splanchnic thrombosis appears to be linked to the presence of morphological and functional abnormalities of endothelial cells, leukocytes and platelets. In particular, some cellular receptors, such as CD11b, CD14, CD62P, CD63 and P-selectin, seem to be over-expressed on the cytoplasmic membrane of these cells. Furthermore, P-selectin has an important role in attracting and activating leukocytes at the site of possible endothelial injury. JAK2 mutation seems to be able to induce leukocyteplatelet aggregates and activate the coagulation cascade. 34 Given this, the presence of other molecular microaggregates, including CD11b/CD62P and CD11b/CD42b, and of blood hyperviscosity, due to the high number of red blood cells, seem to explain the thrombophilic tendency of JAK2 positive patients, beyond the presence or absence of a contemporary myeloproliferative disease. [34] [35] [36] Moreover, an increased tissue factor synthesis by JAK2 positive macrophages has been noticed in patients affected with SVT. So recently JAK2 V617F mutation has been considered among the possible diagnostic tools for the correct and . Finally, in the JAK V617F negative patients with myeloproliferative diseases and splanchnic vein thrombosis, the risk of thrombosis seems significant compared to controls only in the case of homozygous mutation (heterozygous OR 0.6, homozygous OR 5.3; P=0.6). The authors also emphasized that, in all JAK2 V617F mutation negative patients, haplotype 46/1 expression is, in any case, linked to an increased erythropoiesis. For these reasons they suggest adding the search for this haplotype to the diagnostic tools of splanchnic vein thrombosis diagnosis. 31 A recent Italian study analyzed all the possible causes of death in 192 patients with polycythemia vera. The most important were found to be cardiovascular complicacy (36.4%), including arterial thrombosis (24%), venous thromboembolism (5.2%) and other cardiovascular diseases (7.2%). These are significantly higher than all other causes, including neoplasms (30%), hemorrhages (3.1%), polycythemia evolution (2.6%, spent phase 2.1%, myelodysplasia 0.5%) and all other causes (28.1%, including hepatic failure 2.1%). 37 The same Italian study evaluated the natural history of 1213 polycythemia vera treated patients, pointing out that the cumulative median survival exceeded 15 years, with overall mortality of 2.94 deaths/100 patients per year. 40, 41 Previous data evidenced a median survival of 18 months in untreated patients, thus confirming the importance of an early and correct treatment to drastically reduce complications, delay transformation into myeloid metaplasia with myelofibrosis or acute myeloid leukemia, and increase survival. 38 Polycythemia vera treatment is largely dependent on the age of the patient, risk of thrombosis and progressive development of thrombocytosis or splenomegaly, indexes of disease evolution. 38 The first therapeutic approach is still phlebotomy to maintain hematocrit consistently below 45%. The only randomized study that compared phlebotomy with myelosuppressive therapy is the PVSG-01trial that stressed that the median survival in the study arm in which patients underwent only phlebotomy was significantly greater (13.9 years) than the arm undergoing therapy with agents such as radiophosphorus (11.8 years) and chlorambucil (8.3 years). This study, however, had great limitations. First of all, a large number of enrolled patients dropped out in the phlebotomy alone arm (50% at 5 years and 90% at 10 years) due to lack of compliance, onset of complications or disease progression. [38] [39] [40] [41] So far, the approach based exclusively on phlebotomies is indicated only in patients at low risk of thrombosis (age<60 years and no history of previous thrombotic events). 38 In those patients in whom phlebotomy alone is not able to prevent complications, myelosuppressive therapy should be started as soon as possible. In subjects older than 70 years the use of radiophosphorus and busulfan or other alkylating agents is strongly advised, in combination with aspirin if the patient is at high thrombotic risk. Three randomized trials (PVSG-01 trial, EORTC, FPSG) confirmed that these drugs significantly reduce thrombosis risk and delay myelofibrosis, indicating, also, that they should be used only in elderly patients because of their high mutagenicity. 39, [42] [43] [44] In all other patients (age<70 years), cytoreductive therapy with hydroxyurea should be considered. Many studies evaluated the efficacy and safety of this drug, compared both to untreated patients and those treated with alkylating agents, underlining the significant reduction in thrombosis risk (5.6% vs 21.6%) and increased survival. 38, 45 Nevertheless, many doubts remain about the proven leukemogenicity and myelodysplastic potential of hydroxyurea. 38, 46 In younger patients (age<60 years), the Nordic MPD Group 2009 guidelines indicate using interferon α as first-line therapy. This would act by suppressing hematopoietic progenitor proliferation by a direct inhibitory effect on bone marrow progenitors and antagonizing platelet-derived growth factor and other cytokines, as transforming growth factor-β. Moreover, it seems not to have any teratogenic or leukemogenic effect. So far, however, there have been no randomized studies of its efficacy and safety. [47] [48] [49] Regarding anagrelide, a novel platelet-lowering agent, the Nordic MPD Group guidelines reported its use only and exclusively in thrombosis related to cases of essential thrombocythemia. 47, 50, 51 Antiplatelet therapy should be undertaken in all patients at high risk of thrombosis. Unfortunately, no blood chemistry parameter (platelet count, bleeding time, etc.) correlates with thrombotic risk in polycythemia vera patients. This explains why the beginning of antiplatelet therapy is entrusted exclusively to clinical judgment. The dose of aspirin (ASA) has been studied in several clinical trials, showing that, despite a minimum bleeding risk, administration of low-dose ASA is able to significantly reduce the risk of thrombosis. In our Case #1, we met with initial diagnostic and therapeutic difficulties due, mistakenly, to our previous experience given the nationality of the patient, the low incidence of this disease in young subjects and the abnormal presentation (portal vein thrombosis preceded the Budd-Chiari syndrome). Initially, to reduce ascites, we carried out several evacuative paracenteses simultaneously with anticoagulant therapy in an attempt to stabilize the patient's clinical condition and resolve the portal vein thrombosis. Later, when the occlusion of liver outflow veins was made explicit, contemporarily with exclusion of other Budd-Chiari syndrome etiologies, we looked for and identified the underlying myeloproliferative disease that was the basis of the disorder. To date, by continuous therapy with hydroxyurea and low-dose ASA, the patient is in good health and continues his clinical and laboratory follow up.
Case #2 experienced a partial failure in therapy, for which reason the patient underwent TIPS. But given our previous experience with the young Egyptian patient, Case #2 was significantly simpler, both as far as the diagnostic approach is concerned, and for patient clinical management. We succeeded in a short time to diagnose polycythemia vera and provide adequate therapy.
Conclusions
We report 2 cases of Budd-Chiari syndrome induced by a myeloproliferative disease (polycythemia vera), characterized by an abnormal clinical onset, both as regards subject's age (29 and 39 years old, respectively) and symptoms, signs and laboratory data (tense ascites due to portal vein thrombosis, and red blood cells and hematocrit values frankly not consistent with polycythemia vera, especially in Case #1). Furthermore, we would like to stress the importance of Case #1 for our professional development, which allowed us to achieve an early diagnosis of the disease in Case #2.
